Introduction
============

Heterogeneity is the most characteristic feature of breast cancer, which is seen in many aspects of the patients from clinical features to pathological and racial/ethnic properties;[@b1-tcrm-9-131] this makes the identification of risk factors for breast cancer more difficult. Many studies in Western countries have shown that high body mass index (BMI) is an important risk factor for breast cancer among postmenopausal women. While postmenopausal women show a positive association between high BMI and breast cancer risk, a negative association is found in premenopausal women.[@b2-tcrm-9-131]--[@b4-tcrm-9-131] However, in Asian populations, a recent study from India indicated that increased BMI, large waist size, and large hip size were risk factors for breast cancer both in premenopausal and postmenopausal women.[@b5-tcrm-9-131] On the other hand, research from the People's Republic of China found that BMI at diagnosis was positively correlated with the risk of breast cancer in postmenopausal women, but it was not related to the risk in premenopausal women.[@b6-tcrm-9-131]

Although the relevance of BMI as a prognostic factor in breast cancer remains controversial, the majority of the breast cancer studies to date have suggested that higher BMI at diagnosis is associated with a poorer prognosis.[@b7-tcrm-9-131]--[@b12-tcrm-9-131] A study from Korea indicated that individuals who are underweight (UW) should also be considered to be at high risk for death and recurrence after breast cancer surgery.[@b13-tcrm-9-131] Several studies have shown that in postmenopausal women, BMI is highly associated with the development of hormone receptor-positive breast cancer rather than hormone receptor-negative breast cancer;[@b14-tcrm-9-131]--[@b17-tcrm-9-131] However, few studies have taken BMI together with tumor subtypes, tumor stage, and nodal involvement for revealing possible relationships between them, and the majority of studies are conducted in Western countries.[@b14-tcrm-9-131],[@b18-tcrm-9-131],[@b19-tcrm-9-131]

In the present study, using a database of 2465 breast cancer patients, we selected clinical features (especially BMI and tumor subtypes) to find any potential relationships between them, especially to determine the numbers and distribution of these features within the BMI groups in both premenopausal and postmenopausal patients in the Chinese population. An odds ratio (OR) analysis was also carried out to show the strength of BMI as a risk factor for different molecular subtypes of breast cancer.

Materials and methods
=====================

Clinical data
-------------

We established a database of all female patients (n = 2465) diagnosed with breast cancer and who underwent surgical treatment between December 2001 and November 2011 at the Department of Breast Surgery, Xiangya Hospital of Central South University. General clinicopathologic information (such as age, body height, weight, tumor stage, and state of lymph nodes) was collected from the database (height and weight were measured in the hospital prior to surgery).

The expression levels of ER (estrogen receptor), PR (progesterone receptor), Ki-67 (cell proliferation marker), and human epidermal growth factor receptor 2 (HER2) in the cancer tissue samples were examined using immunohistochemistry by experienced pathologists. ER and PR expression were considered to be positive if more than 1% of cells showed positive staining of nuclei in a single section. The intensity and the pattern of HER2 staining in the membrane of tumor cells were evaluated using a score system for the categorization of the tumors. In brief, scores of 0 and 1+ (weak immunostaining in less than 30% of tumor cells) were defined as HER2-negative; score 2+ (complete, strong membranous staining, in at least 10% but in less than 30% of tumor cells) was defined as equivocal; score 3+ (uniform intense membranous staining in above 30% of tumor cells) was defined as HER2-positive. Tumors that were scored as 2+ were further assessed by fluorescence in situ hybridization (FISH). If FISH showed positive staining, these 2+ tumors were designated as HER2-positive as well.[@b20-tcrm-9-131],[@b21-tcrm-9-131] The study has been approved by the local ethics committee of medical research involving human subjects at Central South University.

Patients with tumors with a score of 2+, but without the further assessment by FISH were excluded; in addition, there were some missing data -- a total of 1951 (79.1%) cases were included in this study. Based on the body weight index, where: $$\text{BMI} = \text{weight}\left( \text{kg} \right)/\text{height}\,\text{squared}\,\left( \text{m} \right)^{2}$$the patients were grouped into four categories following the World Health Organization guideline:[@b22-tcrm-9-131] UW (BMI \< 18.5 kg/m^2^); normal weight (NW), (BMI = 18.5--24.99 kg/m^2^); overweight (OW), (BMI = 25.0--29.99 kg/m^2^); and obese (OB), (BMI ≥ 30.0 kg/m^2^). Using the newly recommended method for categorizing breast cancer subtypes,[@b23-tcrm-9-131] the tumors were grouped into four subtypes: (1) luminal A-, ER-, and/or PR-positive, HER2-negative (HER2−), and Ki-67 low(\<14%); (2) luminal B-, ER-, and/or PR-positive, HER2−, and Ki-67 high (≥14%), or ER- and/or PR-positive, any Ki-67, and HER2-positive (HER2+); (3) HER2+, HER2− overexpressed or amplified, and ER- and PR-absent; and (4) triple-negative, ER- and PR-absent, and HER2−.

The code of tumor, lymph node, and metastasis (TNM) staging was in compliance with the National Comprehensive Cancer Network clinical practice guidelines for breast cancer 2011. The patients were categorized as premenopausal if they were younger than 51 years old and as postmenopausal if over 51 when they were diagnosed with the disease.

Statistics
----------

The Chi-square test, Fisher's exact test, or analysis of variance were used to determine differences in the clinicopathologic features between BMI groups as appropriate. The case-only OR was used to evaluate the relative strength of association between BMI and a given tumor molecular subtype (ie, luminal B, HER2+, or triple-negative) versus luminal A, which is the most common subtype. All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS version 17.0; IBM Corporation, Armonk, NY, USA) for Windows (Microsoft Corporation, Redmond, WA, USA), and all tests of statistical significance were two-sided.

Results
=======

Of the 1951 breast cancers in our databases, one datum was lost; 1127 (57.8%) were luminal A, 227 (11.6%) were luminal B, 119 (6.1%) were HER2+, and 477 (24.5%) were triple-negative.

There were only 1789 cases with TNM data, and the majority of the cases were stage 2, which accounted for 61.0%, and the least was stage 4, which accounted for 0.8% (15/1789). Therefore, in the following analysis that involved TNM staging, stage 4 was excluded based on the fact that there were too few cases. After surgery, we determined the state of the lymph nodes of our patients, and the data of 30 cases were lost. In the end, 1067 (55.5%) cases had no positive nodes, 447 (23.3%) cases had one to three positive nodes, and 407 (21.2%) cases had more than three positive nodes.

The investigation also revealed a difference in BMI between premenopausal and postmenopausal breast cancer patients. Our data showed that the BMI of postmenopausal patients was significantly higher than that of premenopausal patients (23.81 ± 3.27 kg/m^2^ versus 22.93 ± 2.92 kg/m^2^, *P* \< 0.001).

Next, we examined the associations between BMI, age, molecular subtypes, TNM staging, and number of positive nodes. The mean age among BMI groups was significantly different (*P* \< 0.001): the OB group was the oldest (54.1 ± 12.3 years), and the UW group was the youngest (45.4 ± 12.9 years). [Table 1](#t1-tcrm-9-131){ref-type="table"} shows that the clinicopathologic features of the patients are significantly different across the different BMI groups. Firstly, the molecular subtypes were quite different in the premenopausal BMI groups (*P* = 0.000); the UW and NW groups have more patients in luminal A and luminal B, and have less patients in HER2+ and triple-negative. However, the OW and OB groups have more patients in triple-negative and have fewer patients in luminal A and luminal B. Despite this, there were no significant differences in molecular subtypes in postmenopausal BMI groups (*P* = 0.188). When we compared the distributions of molecular subtypes between premenopausal and postmenopausal patients, we found a significant difference. Luminal A was comparatively higher in premenopausal than in postmenopausal patients (60.9% versus 51.9%), and the triple-negative reflected a reversal of this trend (23.3% versus 26.7%). Secondly, we found a significant difference of tumor staging in pre- or postmenopausal BMI groups (*P* = 0.000, *P* = 0.000). The UW and NW groups had more patients in stage 1 and fewer patients in stage 3 than the OW and OB groups in both pre- and postmenopausal patients. There was also a significant difference in distributions of TNM staging between pre- and postmenopausal patients (*P* = 0.000); a larger percentage of premenopausal patients have stage 3 cancer when compared to postmenopausal patients. Finally, the status of lymph nodes was significantly different in the premenopausal BMI groups (*P* = 0.009); the UW and NW groups had more patients with no positive nodes. Meanwhile, the OB group had more patients with one to three positive nodes, but the status of lymph nodes was not significantly different in the postmenopausal BMI groups (*P* = 0.167). Furthermore, there was also no significant variation in terms of the status of lymph nodes between pre- and postmenopausal patients (*P* = 0.588).

Case-only analysis using disease subtypes is a useful exploratory tool to uncover etiologic heterogeneity.[@b24-tcrm-9-131] In our study, the case-only OR estimates the relative strength of the association between BMI and a given disease subtype (luminal B, HER2+, or triple-negative) versus luminal A, which is the most common subtype, acting as the comparison group. As shown in [Table 2](#t2-tcrm-9-131){ref-type="table"}, when compared to luminal A, luminal B tended to be more dominant in the NW premenopausal patients (OR = 1.4, 95% confidence interval \[CI\] = 0.6--3.4, *P* = 0.206), although this finding was not significant. Triple-negative tended to be found among the OW and OB pre-menopausal patients (OR = 2.8, 95% CI = 1.3--6.1; OR = 3.7, 95% CI = 1.2--12.1, respectively; *P* \< 0.001). We did not find significant differences between luminal A and HER2+ in the different BMI groups. Furthermore, there was no significant difference between molecular subtypes in the BMI groups in postmenopausal patients.

Discussion
==========

In this study, we showed that among Chinese women, the BMI of the majority of breast cancer patients was NW, accounting for 70.2% of total patients, which is higher than the patients in Western countries; only 2.7% of breast cancer patients had a BMI classifying them as OB, which is lower than in Western countries.[@b12-tcrm-9-131],[@b18-tcrm-9-131],[@b25-tcrm-9-131],[@b26-tcrm-9-131] A young diagnostic age (average age of 47.3 years, 65.5% of which were premenopausal patients) and different diet in Chinese women may contribute to this difference. Likewise, BMI in postmenopausal patients was significantly higher than that in premenopausal patients (*P* \< 0.001).

The age at diagnosis of breast cancer in our patients ranged from 21 years to 88 years, and the mean age was 47.3 years, which is younger than the mean age in both Hong Kong, which was 55.4 years, and Norway, which was 57.5 years.[@b6-tcrm-9-131],[@b25-tcrm-9-131] Patient and tumor characteristics are presented in [Table 1](#t1-tcrm-9-131){ref-type="table"}. In our patients, the majority of patients' BMI fell in the range of NW, which accounted for 70.2%; the next largest group was comprised of those in the OW range (22.8%), and the smallest was the OB group (2.7%), which was contrary to what was observed in Western countries.[@b12-tcrm-9-131],[@b18-tcrm-9-131],[@b25-tcrm-9-131],[@b26-tcrm-9-131] Of our patients, 65.5% of the women in the premenopausal group were younger than 51 years, and 34.5% in the postmenopausal group were 51 years or older, which was also quite different from what was observed in the USA, where the majority of patients were postmenopausal.[@b27-tcrm-9-131]

There are many studies subclassifying triple-negative tumors as basal-like or unclassified, based on epidermal growth factor receptor and cytokeratin 5/6 expression;[@b28-tcrm-9-131],[@b29-tcrm-9-131] however, since the data for epidermal growth factor receptor and cytokeratin 5/6 were not available, we grouped all the negative tumors into the triple-negative tumors. Our study showed that luminal A (57.8% of total patients) was the most prevalent subtype, which is similar to the finding observed in studies of Chinese patients (48.6% and 50.0%) and Polish patients (69%).[@b29-tcrm-9-131]--[@b31-tcrm-9-131] The luminal B subtype was present in 11.6% of the patients, which is lower in comparison with other Chinese reports (16.7% and 15.1%, respectively),[@b30-tcrm-9-131],[@b31-tcrm-9-131] but still higher than what a Polish study has reported (6%).[@b29-tcrm-9-131] The HER2+ subtype accounted for 6.1% in our study, which is lower than other reports (13.7%, 10.87%, and 8%).[@b29-tcrm-9-131]--[@b31-tcrm-9-131] In addition, the triple-negative subtype accounted for 24.5% of patients, which is similar to the finding in the northeast Chinese population (23.08%),[@b31-tcrm-9-131] but this finding is higher than that in Shanghai (12.9%) and Poland (18%).[@b29-tcrm-9-131],[@b30-tcrm-9-131] The following reasons may explain these differences: firstly, the prevalence of breast cancer subtypes appears to differ among different races or ethnicities.[@b1-tcrm-9-131] Secondly, we took the level of Ki-67 as a marker for classifying luminal A and part of luminal B for the first time, therefore some of the luminal A subtype would have fallen into luminal B. Lastly, some patients with tumors that showed 2+ HER2/neu immunohistochemistry staining were not assessed by FISH, and were thus excluded from our study. From our study, 61.0% cases were with stage 2 and 24.7% were with stage 3 breast cancer, and only 13.5% cases were in stage 1. This is quite different from the US and Norway reports (stage 2, 50.2% and 41.3%; stage 3, 3.1% and 4.6%; stage 1, 46.7% and 48.8%, respectively).[@b25-tcrm-9-131],[@b27-tcrm-9-131] Moreover, the metastasis to lymph nodes in our patients was worse than in the US report; 44.5% versus 36.8% cases had positive nodes, 23.3% versus 26.3% cases had one to three positive nodes, and 21.2% versus 10.5% cases had more than three positive nodes, respectively.[@b27-tcrm-9-131] These data showed that Chinese patients were diagnosed with breast cancer relatively later than the US patients, indicating room for further improvement in the early diagnosis of breast cancer in the People's Republic of China.

As we have shown in Chinese patients, the older individuals tended to have a higher BMI. The patient's hormone status would contribute to this BMI variance, and the hormone status would also play a role in the pathogenesis of some special subtypes of breast cancer.

The profile of the molecular subtypes in the BMI groups showed significant difference in premenopausal patients, but there was no significant difference in postmenopausal patients. In premenopausal patients, the distribution of molecular subtypes was as follows: luminal A was higher in the UW group, luminal B was higher in the NW group, HER2+ was lower in the UW group, and triple-negative was higher in the OW and OB groups. Similarly, when we used case-only ORs comparing each subtype to luminal A, we found that triple-negative tended to be found in OW and OB premenopausal patients (OR = 2.8 and OR = 3.7, respectively; *P* \< 0.001), and luminal B tended to be found in NW, although there was no significant difference. We did not find any previous studies about an association between molecular subtypes and BMI groups in the premenopausal breast cancer patients.

Although there was no significant difference in the molecular subtypes of the BMI groups among postmenopausal patients, luminal A tended to be higher in the OB group than in the other groups. This association is likely attributable to the positive relationship between BMI and endogenous estrogen levels since adipose tissue is the primary source of estrogen in postmenopausal women. It should be mentioned that a study of postmenopausal patients by Suzuki et al[@b14-tcrm-9-131] found that there was positive association between obesity and the development of ER+ PR+ tumors in never-users of postmenopausal hormones (relative risk, RR = 1.90). In addition, Phipps et al[@b17-tcrm-9-131] found that among postmenopausal women not currently using menopausal hormone therapy, BMI was associated with the risk of luminal tumors (OR comparing the highest versus the lowest quartiles = 1.7) and suggested that it was associated with the risk of triple-negative tumors (OR = 2.7). However, in our study, the triple-negative was relatively higher in the UW and OW groups than in the other groups in postmenopausal patients. It may be that the prevalence of breast cancer subtypes and the distribution of BMI appear to differ among different races or ethnicities.[@b1-tcrm-9-131]

In our study, we found that stage 1 was higher in the UW group and stage 3 was higher in the OW and OB groups, either in pre- or postmenopausal patients, and these findings were significant. When comparing the node state between BMI groups, we found that there was significant difference in premenopausal patients. Moreover, the status of "no-positive" node was higher in the UW group; one node patients (one to three positive nodes) were seen more in the OB group, and multinode cases (more than three positive nodes) were higher in the OW group. Although there was no significant difference among postmenopausal patients, the trend of node state between BMI groups was similar to that of premenopausal patients.

From our study, the UW group tended to be luminal A, stage 1, had lower HER2 expression, and had no positive nodes, suggesting a prospective outcome,[@b32-tcrm-9-131] especially in premenopausal patients. In addition, the OW and OB groups tended to be triple-negative, stage 3, and presented with lymph node metastasis, which suggested a poorer prognosis,[@b30-tcrm-9-131] which was also especially observed in premenopausal patients. However, we did not get overall follow-up data, so we could not analyze the prognosis between BMI groups. From the different populations, the BMI-associated prognosis was quite different in breast cancer patients. A study from the US showed that being OB was more likely to be associated with increased risk of recurrence and poorer survival.[@b27-tcrm-9-131] The findings from the study from Norway were similar to those of the US, and showed that those with a BMI ≥ 30 kg/m^2^ had a 1.47 times higher risk of dying during follow-up than women with a BMI of 18.5--25 kg/m^2^.[@b25-tcrm-9-131] However, a study from Korea showed a significantly lower overall survival and breast cancer-specific survival in UW patients compared with the survival of NW patients after adjusting for known prognostic factors, which was not observed in OB patients;[@b13-tcrm-9-131] therefore, we need to follow up with our patients in order to obtain more conclusive information about the Chinese population.

There were some potential limitations in our study. Firstly, a total of 514 (20.9%) patients were excluded because the tumors showing 2+ HER2/neu immunohistochemistry staining were not assessed by FISH, and some clinicopathologic data were missing. Secondly, we did not set a healthy population as a control. Thirdly, most of our patients came from the Hunan Province, which is in the center of the People's Republic of China, and this may not have been completely representational of the entire Chinese ethnicity. Thus, when comparing results, considerations should be made pertaining to the aforementioned limitations. In the future, epidemiological and biological evidence should be considered as well, in order to evaluate the differences across different studies; in addition, we also have to study the links between these differences, and their underlying epidemiological/biological background factors.

Conclusion
==========

In Chinese women, breast cancer has the following characteristics: luminal A is the most common subtype; the majority of patients are NW; and the mean age of the patients is younger than in Western patients. In premenopausal patients, the UW group tended to be luminal A, stage 1, with lower HER2 expression, and exhibited no positive nodes; conversely, the OW and OB groups tended to be triple-negative, stage 3, and presented with lymph node metastasis.
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###### 

The distributions of the special clinicopathologic features among patients according to BMI group

  **Characteristic status**      **Premenopausal patients**                          **Postmenopausal patients**                                                                                                                                       
  ------------------------------ --------------------------------------------------- ----------------------------- ------------ ----------- ------------ -------------------------------------------------------- ------------ ----------- ----------- -------------------------------------------------------
  **Molecular subtypes**                                                                                                                                                                                                                               
  Luminal A                      42 (73.7)                                           578 (62.2)                    148 (54.8)   10 (50.0)   778 (60.9)   12 (46.2)                                                227 (51.7)   88 (50.3)   22 (66.7)   349 (51.9)
  Luminal B                      6 (10.5)                                            118 (12.7)                    18 (6.7)     1 (5.0)     143 (11.2)   3 (11.5)                                                 62 (14.1)    15 (8.6)    4 (12.1)    84 (12.5)
  HER2+                          0 (0)                                               44 (4.7)                      14 (5.2)     1 (5.0)     59 (4.6)     1 (3.8)                                                  44 (10.0)    13 (7.4)    2 (6.1)     60 (8.9)
  Triple-negative                9 (15.8)                                            190 (20.4)                    90 (33.3)    8 (40.0)    297 (23.3)   10 (38.5)                                                106 (24.2)   59 (33.7)   5 (15.2)    180 (26.7)
  *P*-value                      0.0001[\*](#tfn2-tcrm-9-131){ref-type="table-fn"}                                                                       0.118                                                                                         0.00005[\*\*](#tfn3-tcrm-9-131){ref-type="table-fn"}
  **TNM staging**                                                                                                                                                                                                                                      
  1                              12 (24.0)                                           127 (14.3)                    24 (9.2)     1 (4.8)     164 (13.4)   4 (16.0)                                                 55 (16.8)    15 (9.1)    3 (9.4)     77 (14.0)
  2                              26 (52.0)                                           541 (60.7)                    136 (51.9)   12 (57.1)   715 (58.4)   18 (72.0)                                                249 (75.9)   87 (52.7)   22 (68.8)   376 (68.4)
  3                              12 (24.0)                                           223 (25.0)                    102 (38.9)   8 (38.1)    345 (28.2)   3 (12.0)                                                 24 (7.3)     63 (38.2)   7 (21.9)    97 (17.6)
  *P*-value                      0.0001[\*](#tfn2-tcrm-9-131){ref-type="table-fn"}                                                                       6 × 10^−14^[\*](#tfn2-tcrm-9-131){ref-type="table-fn"}                                        0.000009[\*\*](#tfn3-tcrm-9-131){ref-type="table-fn"}
  **Number of positive nodes**                                                                                                                                                                                                                         
  0                              33 (61.1)                                           526 (57.3)                    136 (50.6)   8 (40.0)    703 (55.8)   19 (73.1)                                                246 (56.9)   83 (48.8)   16 (50.0)   364 (55.2)
  1--3                           8 (14.8)                                            222 (24.2)                    60 (22.3)    9 (45.0)    299 (23.7)   5 (19.2)                                                 90 (20.8)    43 (25.3)   10 (31.3)   148 (22.4)
  \>3                            13 (24.1)                                           170 (18.5)                    73 (27.1)    3 (15.0)    259 (20.5)   2 (7.7)                                                  96 (22.2)    44 (25.9)   6 (18.8)    148 (22.4)
  *P*-value                      0.009[\*](#tfn2-tcrm-9-131){ref-type="table-fn"}                                                                        0.167                                                                                         0.588

**Notes:**

*P*-values were obtained by comparing the four BMI groups using the Chi-square test for differences in frequencies of clinicopathologic features; *P* \< 0.05 was considered to be statistically significant;

*P*-values were obtained by comparing the pre- and postmenopausal patients using the Chi-square test for differences in frequencies of clinicopathologic features; *P* \< 0.05 was considered to be statistically significant.

**Abbreviations:** BMI, body mass index; UW, underweight; n, number; NW, normal weight; OW, overweight; OB, obese; HER2+, human epidermal growth factor receptor 2-positive; TNM, tumor, lymph node, and metastasis.

###### 

Case-only ORs comparing luminal B, HER2+, and triple-negative with luminal A breast cancer

  **Characteristic**   **Status**   **Molecular subtypes**                                                                                                                                       
  -------------------- ------------ ------------------------ ---------------- ---------------- ----------------- ---------------- -------------------------------------------------------------- ----------------
  **BMI**                                                                                                                                                                                        
  Premenopausal        UW           42                       6                1.0 (referent)   0                 1.0 (referent)   9                                                              1.0 (referent)
  NW                   577          118                      1.4 (0.6--3.4)   44                                 190              1.5 (0.7--3.2)                                                 
  OW                   148          18                       0.9 (0.3--2.3)   14                                 90               2.8 (1.3--6.1)[^\#^](#tfn7-tcrm-9-131){ref-type="table-fn"}    
  OB                   10           1                        0.7 (0.1--6.5)   1                                  8                3.7 (1.2--12.1)[^\#^](#tfn7-tcrm-9-131){ref-type="table-fn"}   
  *P*-value                                                  0.206                                                                0.0001[\*](#tfn6-tcrm-9-131){ref-type="table-fn"}              
  Postmenopausal       UW           12                       3                1.0 (referent)   1                 1.0 (referent)   10                                                             1.0 (referent)
  NW                   228          62                       1.1 (0.3--4.0)   44               2.3 (0.3--18.3)   106              0.6 (0.2--1.3)                                                 
  OW                   88           15                       0.7 (0.2--2.7)   13               1.8 (0.2--14.8)   59               0.8 (0.2--2.0)                                                 
  OB                   22           4                        0.7 (0.1--3.8)   2                1.0 (0.1--13.3)   5                0.3 (0.1--1.0)                                                 
  *P*-value                                                  0.468                             0.566                              0.060                                                          

**Notes:**

*P*-values were obtained from comparisons of each molecular subtype to luminal A using the Chi-square test; *P* \< 0.05 was considered to be statistically significant;

compared with luminal A, triple-negative tends to be prevalent in OW and OB premenopausal patients.

**Abbreviations:** OR, odds ratio; HER2+, human epidermal growth factor receptor 2-positive; n, number; CI, confidence interval; BMI, body mass index; UW, underweight; NW, normal weight; OW, overweight; OB, obese.
